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Abstract— In this work, we propose alternative methods for the 
theory of evidence: Dempster-Shafer theory (DST). The DSmc a 
variant of Dezert Smarandache theory achieved satisfactory results 
with a recognition rate of 98.55%, an FRR of 8.55%, an FAR of 
1.39%, and an EER of 9.37. The segmentation of half iris disc and 
the feature extraction developped by Filter Gabor outperforms the 
others methods. 


Keywords— Theory of evidence, Biometric, iris recognition, 
fusion, Dezert Smarandache theory 


I. INTRODUCTION 


The handling and fusion of ambiguous, vague, even 
contradictory, or strongly contradictory information sources is 
crucial for the advancement of trustworthy contemporary 
information systems, including artificial reasoning. 
Information fusion is now used in many different disciplines, 
including economics, finance, medicine, and the military. 
When more than one sensor or expert needs to be combined to 
address an issue, strong mathematical techniques are used to 
handle the combined inaccurate and ambiguous data [1]. In 
this paper, we consider a few of the criteria for information 
fusion that address imprecision and uncertainty. Applications 
of information fusion, including biometrics such as _ iris 
recognition, are proposed. 


Biometric technology suchiris recognition has become 
increasingly important in a range of applications due to its 
unique and highly accurate identification capabilities. Iris 
recognition requires the capture and analysis of complex 
patterns in the colored iris of the eye. 


There are multiple steps in the gray-level analysis of the 
iris image 

- Iris acquisition: the iris is captured using a CCD camera 
in infra light spectrum. 

- Iris segmentation: The iris is isolated from the rest of the eye. 
Circular Hough Transform is applied to detect iris and pupil 
iris [2]. 

-Iris normalization: The segmented iris is normalised using 
Daugman Rubber Sheet Model in purpuse to adress two issues 


- Non-cocentricity of iris and pupil circle (The iris and pupil 
circles don’t have a same centers) 

- Dilation : pupil dilation due to the illumination variation 
from environment in iris acquisition. 

- Iris Feature Extraction: the feature extraction procces implies 
The normalized iris is analyzed using Gabor filters [4] to 
extract the discriminant feature (feature vector). 

- Iris matching: The matching or comparison between 
individuals is proceed with the following manner their 
respective iris codes or feature vectors are compared using a 
metric called Hamming distance. The metric measures 
dissimilarity. 


In the rest of the paper, the overview and problem are 
mentioned in Section II. The methodology is detailed in 
Section HI. The analysis and discussion of our results are 
described in Section IV, and finally, the conclusion is drawn 
in Section V 


II. OVERVIEW AND PROBLEM 


In [6], DSmtis appliedon grayscale histograms by 
reducing the cardinality of the hyperpower. For classifying 
and labeling focus elements, a new _ technique was 
proposed. Finally, different methods classified high- 
resolution images containing forest regions. The authors in [7] 
proposed a novel combination rule based on DsmT. The 
simulation of multisensor recognition for target detection has 
shown promising results. In their detailed explanation of the 
Dezert-Smarandache theory, Dezert and Smarandache (2006) 
[8] mentioned the classical model, free and hybrid DSm 
models, and proportional redistribution of conflicts 
(PCRS). these models worked  correctlyin case of 
disagreement between sources of evidence. 


A revision of the proportionate conflict redistribution rule 
known as PCR6 has been put forth. by the authors in [9]. The 
combination of basic belief assignments (BBAs) considers the 
focal element of the degree of junction of each source of 
evidence (Zhang and Jaccard degrees). The simplest and most 
advanced technique for PCR6 normalization is demonstrated. 
For evaluation purposes, different modified PCR6s were 
applied to different representative examples: using a 
combination rule according to the theory of evidence, 


Dempster-Shafer theory [5], and other alternative theories 
such as the Dezert-Smarandache theory and proportional 
conflict redistribution (PCRS). This paper introduces a fusion 
approach: left and right iris from individual are combined 
using a competitive methods of the theory of evidence. 


Ill. METHODOLOGY 


The basic idea is how to recognize individuals efficiently by 
their irises (left and right irises). The purpose is to enhance 
data fusion performance (the fusion of left and right irises) 
using a different combination rule from evidence theory. 


First, we define the fusion problem: © = {0,,0,} : © 
represents the finite set of hypothesis that define the fusion 
problem. Where 


6,: The hypothesis assumes that left iris of two individuals is 
identical. 


82: The hypothesis assumes that right iris of two individuals 
is identical. 


Then, we define the power set : 2° = {0, 0;, 02,0, U 02} 
Where : 
0: Empty set : no information. 


6,: The hypothesis assumes that left iris of two individuals is 
identical. 


62: The hypothesis assumes that right iris of two individuals is 
identical. 


8, U6: The hypothesis assumes that left and right irises of 
two individuals are identical. Finally, we used the combination 
rule of Dempster Shafer [5] defined in Equation (1) : 


Xa4n 6g=c™1 (91) m2 (82) 
1-Yo4n 62=071 (61) m2(62) 


m(C) = ,ce2° (1) 


Where: 


The mass of belief on the conjunctive consensus on C is the 
numerator in (1), and normalization constant is the 
denominator: )'g,n 6,=071(81) mz(@2): represents the total 
degree of conflict between m,(6,) and m2 (62). 


m,(0,) = Hamming distance of the two left irises calculated 
from two individuals 


mz(62) = Hamming distance of the two right iris calculated 
from two individuals 


The fusion between the left irises and the right irises of two 
individuals presents a partial conflict. It's known that: the left 
or right irisesof two individualscan be different. In 
recognition process: Dempster Shafer's theory fails with the 
presence of a partial conflict between the two left irises and 
right irises 


DSmT addresses the limitations of DST [5] by combining the 
sources of evidence, even if they are in conflict. So we opted 
for this method 


The Dezert Smarandache Theory operates under a hyperpower 
set: 


D® = {0,6,, 02,0; U 0,0, N45} 


6,: The hypothesis assumes that left iris of two individuals is 
identical. 


82: The hypothesis assumes that right iris of two individuals 
is identical. 


8, U @,: The hypothesis assumes that left and right irises of 
two individuals are identical. 


8, 62: The hypothesis assumes that left and right irises of 
two individuals are different 


The classic DSm (DSmc) combination rule [9][10][11] is 
described as follows: 


M(C) = Yo,ne,=c 1 (41) m2(62),VC€ p® (2) 


The DSme theory effectively combines two sources of 
evidence, even if they do not agree. 


Another alternative theory of DST is the rule of proportional 
conflict redistribution (PCR 5) [13]. The central idea of this 
theory is to transfer all or part of the masses in conflict to non- 
empty sets taking part in the conflicts in a manner proportional 
to the masses given by the sources: 


e Determine whether the masses given by the sources 
correspond proportionately to the conjunctive rule of 
belief mass of the sources. 

e Determine the total or partial conflict between the 
masses; 

e Transfer all or some of the masses in conflict to non- 
empty sets that are involved in the conflict: 


The PCR 5 [13] formula is given by equation 3: 


(0,)?m2(0 
Mpcr(C) = Ve.n 6,=c M1 (1)M2 (82) + Ya,n 6,=0 a 
m2(61)?m (82) (3) 
————_. ,VvC ED 
m2(01)+m, (2) ” G) 


The present work consists of recognizing individuals using 
both the left and right iris. The combination rule from 
evidence theory (DST [5], DSmT [10], [11], [12], and PCR 
[13]) is applied for the fusion score. 


The analysis of the iris image, from segmentation to 
feature extraction, was performed on the entire iris disc. The 
iris code obtained has a dimension of 9600 bits. The process 
of generating the 9600-bit iris code took a considerable 
amount of time. For this reason, we did not analyze the whole 
iris disc but only the left and right sides of the iris disc. 


This technique provides an iris code in 4880 bits. We 
remark that the iris code is much smaller than that obtained 
from the entire iris disc. So, applying this method will reduce 
processing time. 


We proposed a novel segmentation technique that isolates 
only 50% of the entire iris disc. This part of the iris disc is less 
affected by eyelids and eyelashes. Indeed, this technique 
generates an iris code in 4800 bits. We note that the obtained 
iris code is much smaller than that obtained using previous 
methods. 


We applied three techniques to extract discriminative 
information from the normalised iris: FFT [14], Gabor filter 
2D [15] and Bank of Gabor filters [16]. 


IV. RESULT AND DISCUSSION 
A, IRIS DATABASE 


Two iris databases were used in the experiment. The first is 
the CASIA-Iris V3-Interval [17]. There are 1180 eye images in 
the database from 118 different individuals. We have five left 
and right iris images for each individual. The Centre for 
Biometrics and Security Research (CBSR) has developed its 
own iris capture camera. Two indoor sessions, separated by a 
minimum of one month, were used to capture the iris images. 
With a resolution of 320 x 280 pixels, the resulting iris images 
are of good quality and show incredibly clear iris texture 
details. This is the second CASIA-IrisV3 lamp [17]. There are 
16213 eye images of 411 individuals in the database. We have 
20 left and 20 right iris images for each individual. OKI 
IRISPASS-h was the camera used to capture the iris. During a 
single session, the obtained iris images were taken indoors 
with a lamp on or off. The resulting 640 x 480 pixel iris 
images show non-linear distortion due to changes in visible 
light. 


We applied three techniques to extract discriminative 
information from the normalized iris: FFT [14], Gabor filter 
2D [15], and Bank of Gabor filters [16]. 


We programmed our proposed methods using Matlab 2018b 
with a laptop: 17 processor, 16 grams. 

The proposed methods were analyzed using different 
evaluation criteria, such as the recognition rate, false reject 
rate (FRR), false acceptance rate (FAR), and equal error rate 
(EER). 


FRR: This rate shows the proportion of individuals who the 
system is supposed to recognize but rejects. 

FAR: This rate shows the proportion of individuals who the 
system accepts despite the assumption that they are 
unidentified. 


EER: This rate, which is a typical performance measuring 
point, is computed using the first two rates mentioned above. 
This is the optimal balance between false rejections and false 
acceptances, or the point at which FRR = FAR. 


B. PROPOSED METHOD 


A comparison between individuals using their iris is made 
using the Hamming distance: 


- Comparing individuals based on their left iris yields 


the Hamming distance: HD, 


S,: Score derived from left iris comparisons between 
individuals. 


- Comparing individuals based on their left iris yields 


the Hamming distance : HDp 


Spr: Score derived from right iris comparisons between 
individuals. 


S;: Combination rule according to Dempster-Shafer theory 
for score fusion between S, and Sp [5]. 


First, we calculated intraclass distance, which was obtained 
from a comparison between the same individuals. After that, 
we calculated the interclass distance, which was obtained from 
a comparison between different individuals. 


- ALGORITHM 
For every individual indvi 


For every different iris i ,j : like i,j are a part of the iris set 
of individual : indvj 


Compute score S, (i,j) = 1 — HD, (i,j) 
Compute score Sp (i,j) = 1 — HDp(i,j) 
Compute the fusion score 
SiG) X Sr, j) 
1-((1-SLG)) x Sx) + SLGD x (1- kG) 


SG) = 


ket 
Fors = 0:0.05:1 
If SeG,j) < s then 


FN(k) = FN(k) + 1 
%False Negatif 


k=k+1 
End if 
End 
End 
End 


For every different individual indvi, indvj 


For every different iris (i,j) like i is a part of the iris set of 
individuals indvi and j is a part of the iris set of individuals indvj 


Compute score S; (i,j) = 1 — HD, (i,j) 
Compute score Sp(i,j) = 1 — HDp(i,j) 


Compute the fusion score 


a SLG,j) X SrGj) 
i) = ee 
1- (1 - SLC j)) X Sr(i,j) + S. Gj) x (1 - Sr(iii))) 
k=1 

Fors = 0:0.05:1 

If Sr(i,j) = s then 


FP(k) = FP(k) + 1 
%False Positif 


k=k+1 
End if 
End 
End 
End 
maxindv= number of individuals 
nbtr=number of iris images per individual 
nbinter = maxindv xX (nbtr x (nbtr — 1) / 2) 
nbintra = maxindv x (nbtr x (nbtr — 1)/2) 


TN = nbinter — FP 
%True Negatif 


TP = nbintra — FN 
% True Positif 


TPR= (TP / nbintra) x 100 
%True Positif Rate 


TNR = (TN / nbinter) x 100 
%True Negatif Rate 


FAR = (FP / nbinter) x 100 
%False Accept Rate 


FRR = (FN/nbintra) x 100 
%False Rejection Rate 


Recognition rate = ((TP + TN)/(nbintra + nbinter) ) x 100 


The fusion score between S,, Sp using combination rule of 
classic DSme [10][11] [12] is calculated by: 


SeGi, jp aad SLGj) x Sri, ) 


Then, the fusion score between S,;, Sp using combination rule 
of PCR 5 [13] is calculated by: 


Sri, j) 
= S,(ij) x SaGj) 
, A= SuGD)! x Se) + (SuGD)" x = Se) 
SiG) + SrG jp) 
A comparison between individuals using their iris is applied 
using the Hamming distance: 


Segmenting the iris is applied using different techniques: 
delineation of the entire iris disc, the iris disc on both sides 


and as well as half of it. Table 1 shows the results obtained 
using these techniques. The technique is evaluated on the 
CASIA-IrisV3-Interval [17] with the DSmc method for the 
fusion score. 


Whole iris disc Both side of Half of iris 
iris disc disc 
Recognition rate 98.55 91.20 91.71 
(%) 
FFR (%) 8.55 7A1 4.66 
FAR (%) 1.39 8.81 8.31 
EER (%) 9.37 7.51 4.44 


Table 1 Iris segmentation techniques: Whole iris disc, both sides of iris disc, 
half of iris disc 


Discussion 


Table 1 shows that the analysis of an iris image using the 
whole iris disc outperforms other techniques such as the iris 
disc on both sides as well as half of it in terms of recognition 
rate, FRR, and FAR. Analysis of the iris image using half of 
the iris disc has a lower EER than other techniques. Processing 
the entire iris disc is more efficient than processing some 
regions of the iris disc, as shown in the other techniques, even 
if it contains more eyelids and eyelashes. 


The results of treating the whole iris disc with different iris 
feature techniques (FFT, Gabor filter 2D, and bank of Gabor 
filters) are shown in Table 2. The DSmc-based combination 
tule is applied to the fusion problem. The DSmc method 
efficiently combines conflicting evidence sources: 


FFT 


Recognition rate (%) 98.07 


Bank of Gabor filters 
Orientation [0 30 60 90 120] 
Frequency 3 5 7 9 11 13 


Recognition rate 61 96% 85% 84% 64% 70% 
(%) % 


Gabor 2D 
Frequency 2 
Orientation 0 30 60 90 120 
Recognition rate 96 97.3 97.3 97.6 98.55 
(%) 


Table 2 Different iris feature techniques: FFT, Bank of Gabor filters, 
Gabor filter 2D 


Discussion 


From Table 2 we can see that using FFT as the iris feature technique 
resulted in a recognition rate of 98.07%. Another iris feature 
approach is used, such as a bank of Gabor filters with frequencies 3 
to 13. Every frequency is oriented differently [0, 30, 60, 90, 120]. 
The bank of Gabor filters with frequency 5 and orientation [0, 30, 60, 
90, 120] produced the best result with a recognition rate of 96%. We 
used a Gabor 2D filter with a frequency of 5 and different 
orientations of [0, 30, 60, 90, 120]. The Gabor 2D filter with a 
frequency of 5 and an orientation of 120 gave the best results with a 
recognition rate of 98.55%. 


DST[5] DSme [10][11] PCRS [13] 
[12] 
Recognition rate 94.94 98.55 93.26 
(%) 
FFR (%) 5.76 8.55 5.33 
FAR (%) 5.05 1:39 6.74 
EER (%) 7.01 9.37 719 


Table 3 DST [5] and the alternative method 
Discussion 


Table 3 shows that the DSmc method [10] [11] [12] 
outperforms other methods like DST and PCRS in detection 
rate and the total of FRR+FAR. We remark that DST has a 
lower EER compared to other methods. Therefore, the FRR of 
DSmc is high (8.33%) compared to the FFR of DST (5.76%) 
and PCR (5.33%). Finally, we concluded that DSmc combined 
the partially conflicting sources of evidence (right irises) and 
(left irises) more effectively than other methods: DST [5] and 
PCR [13]. 


ROC curve 


DST 
DSme 
PCRS 


0 20 40 60 80 100 
FPR(%) 


Figure 1 ROC curve: DST, and DSmc, PCRS5 


From Figure 1, we deduced that the ROC curves of DST fit the origin 
better than the ROC curves of PCR5 and DSmc. 


Recognition rate(%) 


i) 0.2 0.4 0.6 0.8 1 
Normalized threshold 


Figure 2 Recognition rates of DST, DSmc and PCRS. 


Error rate(%) 


0.6 0.62 0.64 0.66 0.68 


0 0.2 0.4 0.6 0.8 1 
Normalized threshold 


Figure 3 EER of DSmc. 


Figure 2 demonstrates that DSmc achieved a_ better 
recognition rate than DST and PCRS at a normalized threshold 
of 0.63. From Figure 3, we remark that the normalized 
threshold of 0.63 corresponds to an ERR of 9.37. In other 
words, the powerful technique from evidence theory, 
classical Dsmc was evaluated by the CASJA-IrisV3 lamp 
database [17]. Unfortunately, the obtained results are not 
encouraging. The proposed technique has a low recognition 
rate and high FRR, FAR, and EER. This can be due to the 
poor quality of iris images (iris images acquired in visible 
illumination ). In this instance, the overall iris images were not 
segmented correctly using local thresholding failed in most of 
the iris images. For this reason, we will use a more appropriate 
segmentation technique in our upcoming work. 


V. CONCLUSION 


In this paper, we propose several alternative techniques based 
on Dempster-Shafer's theory for iris recognition. At first, we 
presented three iris segmentation techniques: segmentation of 
the iris disc into its entirety, its left and right halves, and its 
half. The experimental test was applied to the CASIA-IrisV3 
interval. The experimental test shows that the delineation of 
the whole iris disc is more efficient than the other techniques 
that analyze more regions of the iris disc. We then presented 
three iris feature techniques: FFT, Gabor 2D, and the Bank of 
Gabor filter. The Gabor 2D filter, with a frequency of 5 and an 
orientation of 120, is the most efficient technique for 
extracting iris features. Finally, we compared DST as a score 
fusion technique with alternative techniques such as DSmc 
and PCRS. Classic DSme was shown to be the most powerful. 
DSmc was more efficient in combining the partially 
conflicting sources of evidence. The powerful DSme approach 
was unsuccessful when used with the CASIA-IrisV3 lamp. 
The segmentation of some iris images using local thresholding 
is critical. We shall employ a suitable segmentation technique 
in our upcoming work. 
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